Abstract: Background. Studies on morbidity of the neck after head and neck cancer therapy are scarcely described.
Methods. Patients who underwent surgery, including neck dissection, with and without radiation therapy at least 1 year before the study were asked to participate. We assessed neck pain, loss of sensation, range of motion of the cervical spine, and shoulder pain.
Results. Of the 220 patients who were invited, 153 (70%) participated in the study. Neck pain was present in 33% of the patients (n = 51), and shoulder pain was present in 37% of the patients (n = 57). Neuropathic pain of the neck was present in 32% (n = 49); myofascial pain, in 46% (n = 70); and joint pain, in 24% (n = 37). Loss of sensation of the neck was present in 65% (n = 99) and was related to type of neck dissection and radiation therapy. Range of motion of the neck was significantly decreased because of the neck dissection and/or radiation therapy in lateral flexion away from the operated side.
Conclusions. The occurrences of morbidity of the neck after cancer therapy were considerable and consisted of neck pain, loss of sensation, and decreased range of motion. Keywords: head and neck cancer; neck dissection; neck pain; loss of sensation; range of motion Head and neck tumors account for 10% of all new cancer diagnoses in The Netherlands. 1 The treatment of head and neck tumors consists of surgery, radiation therapy, or both. During surgery, often an elective or therapeutic neck dissection is performed. As a result of head and neck cancer therapy, morbidity of the neck and shoulder regions may occur. This morbidity manifests itself through pain, loss of sensation, disfigurement, reduced range of motion of the shoulder, and changes in quality of life. 2 -5 Morbidity of the neck itself has been described in only a small number of studies. Neck tightness was reported in 71% of the cases, together with shoulder discomfort in 53% of the cases, having a substantial negative effect on quality of life. This was reported by Shah et al 6 in a retrospective study of 51 patients after different types of neck dissection. Head and neck pain was reported by Chaplin et al 2 in 25% of 93 patients after neck dissection, radiation therapy, or both. In a study of 25 patients with persistent neck pain after neck dissection, Sist et al 7 described two types of neck pain: neuropathic pain (100%) and myofascial pain (72%). In contrast to these studies, Talmi et al 8 described three groups of patients (n = 88) after radical and modified radical neck dissection and claimed that pain in the neck after neck dissection was uncommon.
The results of previous studies regarding the presence of neck pain after head and neck cancer therapy are conflicting. It is unclear whether the type of neck dissection has any relationship with the occurrence of neck pain. The exact cause of neck pain after neck dissection was unclear. Besides neuropathic pain, other causes have been described: sternoclavicular joint pain caused by subluxation 9 or hypertrophy 10 and myofascial pain in head and neck muscles. 11 Loss of sensation after selective neck dissection was related to sacrificing the sensory cervical root branches. For the analyses of loss of sensation, Saffold et al 12 divided the neck into eight regions including regions A through F (described herein). Region A is the lower half of the external ear, extending from the root of the helix to the tip of the lobule; region B, the midface, including the face above a line drawn between the oral commissure and the angle of mandible; and region C, the lower face, extending from below this line (region B) to the inferior border of the mandible. The neck is divided into upper and lower portions by a horizontal line at the level of the thyroid prominence. Region D is the upper posterior neck behind the anterior border of the sternocleidomastoideus; region E, the upper anterolateral neck, extending from the anterior border of the sternocleidomastoideus to a vertical line drawn from the facial notch of the mandible; and region F, the lower posterior neck behind the anterior border of the sternocleidomastoideus. Saffold et al also included two central regions over the larynx.
In the study by Saffold et al, after neck dissection in which the sensory cervical root branches were sacrificed, significantly more sensory deficits were present than in neck dissections in which the sensory cervical root branches were preserved. 12 Loss of sensation after neck dissection, including dissection of the sensory nerve branches, was reported most frequently in regions D, E, and F. However, loss of sensation in the neck could also be related to radiation therapy. 13 To the best of our knowledge, no other studies have adequately evaluated the loss of sensation after neck dissection. Haribhakti et al 14 described impairment of neck movement after neck dissection and additional reconstruction. They found no differences in patients with or without a pectoralis major myocutaneous flap. Both Schuller et al and Haribhakti et al used questionnaires, without a physical examination or measure of range of motion. Studies measuring the range of motion of the cervical spine after neck dissection were not available.
The aim of our study was to analyze neck morbidity, including neck pain and loss of sensation and range of motion of the neck after head and neck cancer therapy, and to study the relationship between morbidity and type of neck dissection, number of dissected levels, radiation therapy, and shoulder pain.
MATERIALS AND METHODS
Patients who underwent a neck dissection with or without radiation therapy, performed by the multidisciplinary Head and Neck Oncology Group of the University Hospital Groningen from 1994 to 2000, were asked to participate. They were informed about the study by a personal letter, which was sent 1 week before they visited the hospital for an appointment as part of standard postoperative care. Patients who had a recurrence of the tumor or who could not understand Dutch were excluded. All patients were at least 1 year after surgery. From the medical records, we retrieved the date of surgery, type of surgery, type of neck dissection, preserved and/or sacrificed structures, preoperative or postoperative radiation therapy, and type of reconstruction.
Types of neck dissections were recorded in accordance with the classification of Robbins et al 15 : radical neck dissection, modified radical neck dissection, and four types of selective neck dissections. In this classification, lymph nodes in the neck are divided into six anatomic levels. Sensory cervical root branches were not preserved during surgery. Neck dissections were performed by use of the upper McFee incision for the dissection of levels 1, 2, and 3 and the lower McFee incision for the dissection of levels 4, 5, and 6. For the analyses of pain and sensation, we categorized the patients into two groups: patients who underwent dissection of only the upper areas 1, 2, and 3 (all supraomohyoid neck dissections) and patients who underwent dissection of the upper and lower areas 1 to 6 (all other neck dissections). A lower McFee incision was always performed in combination with an upper McFee incision. 14 We asked patients with neck pain for their average pain intensity over the previous week. Pain was measured by a numbered (0 -10) visual analog scale (VAS). Allodynia was defined as an abnormal evoked pain tested with a nonpainful stimulus. 16 Allodynia was elicited by touching the neck and cheek gently with a fingertip several times. When a patient reported pain, allodynia was assumed to be present. Hyperpathia was defined as an abnormally painful reaction to a painful stimulus compared with the reaction on an unoperated or radiated body part. 16 Hyperpathia was tested with a pin prick. To get patients acquainted with the procedure, the nonirradiated cheek or upper arm was tested first. Hyperpathia was present if pain was felt more intensely in the neck, or cheek, at the side of the neck dissection compared with the control region. Myofascial pain was tested by palpating the trapezius muscle, the levator scapula, rhomboid muscles, and the pectoral muscle. 17 Myofascial pain was present if the same spot was reported as painful at least two times during palpation. If muscles could not be palpated properly (for instance, in case of severe trapezius muscle atrophy), the muscle was reported as not painful. Myofascial pain could be distinguished from allodynia or hyperpathia.
Allodynia and hyperpathia were sensations tested by stimulating the skin, whereas myofascial pain was investigated by systematically palpating the muscles and looking for taught bands, trigger points, and pain. 17 Furthermore, the sternoclavicular joint and acromioclavicular joint were tested for pain by means of a ''joint play'' test. 18 Because it was difficult in some cases to distinguish between neck pain and shoulder pain, we also assessed shoulder pain. Patients were asked whether they had shoulder pain, and their average pain intensity over the previous week was assessed with a numbered VAS (0 -10). Patients who had undergone bilateral surgery were assessed on the (most) painful side, or if pain was not present, on the dominant side. 12 Loss of sensation was assessed in six distinct regions (regions A through F, defined by Saffold et al and described in the Introduction) related to the anatomic regions of the sensory cervical root branches. 12 Saffold et al described eight regions; we did not use the two central regions over the larynx. Patients were examined for sense of touch, with a wisp of cotton or pin prick. Patients were first acquainted with the nature of the stimulus by applying it to an unoperated and nonirradiated body part as mentioned previously. Patients were asked to respond each time they felt the wisp of cotton or pin. All regions were touched at least five times; when more than 50% of the attempts were not felt or reported incorrectly, loss of sensation was assumed. To analyze loss of sensation, we calculated the number of anatomic regions with loss of sensation. Range of motion was measured by means of a cervical measurement system. This system consisted of a helmet with two inclinometers and a compass. 19 All motions of the cervical spine (rotation to both sides, lateral flexion to both sides, extension, and forward flexion) were measured actively while the patient was seated.
For statistical analyses, we used SPSS 10.0. Descriptive statistics, chi-square test, 95% confidence interval calculation, and linear regression (method stepwise forward) were performed.
RESULTS
In total, 220 patients were invited, of which 153 patients (70%) participated in this study. The study population had 102 male and 51 female patients (mean age, 61.3 years; SD, 11.9). The mean follow-up was 3.0 years (SD, 1.7). Unilateral neck dissection was performed in 121 patients, and bilateral neck dissection was performed in 32 patients. The following type of neck dissections were performed: 72 supraomohyoid neck dissections, 22 posterolateral neck dissections, 54 modified radical neck dissections, and five radical neck dissections. In seven patients, the spinal accessory nerve was sacrificed. In all supraomohyoid neck dissections, the upper Mc-Fee incision was used; for all others, the upper and lower McFee incisions were used. Radiation therapy was given to 107 patients (90 postoperative, 21 preoperative, and four preoperative and Of the patients who underwent unilateral surgery, four (3%) had neck pain on the nonsurgical side; the mean pain intensity was 2 (SD, 2.1). Neck pain was significantly related to radiation therapy but not to the number of levels dissected (Table 1) . Shoulder pain, on the surgical side, was present in 57 patients (37%); the mean pain intensity was 3.7 (SD, 2.3). Shoulder pain was significantly related to neck pain and allodynia ( p < .01) ( Table 1) . Myofascial pain in the levator scapulae muscle and trapezius pars descendens muscle was found most frequently ( Table 2 ). Myofascial pain was present significantly more on the surgical side ( p < .05).
With regard to the patients who underwent unilateral surgery, in the nonsurgical side myofascial pain was present in 10 patients (8%) in the levator scapulae, 11 (9%) in the trapezius muscle, and in six (5%) in the rhomboid muscles. Myofascial pain was significantly related to the number of levels dissected for the levator scapulae ( p < .05)
but not for other muscles ( Table 2 ). Myofascial pain was not related to radiation therapy ( Table 2) . Pain was present at the sternoclavicular joint in 24 patients (16%) and in the acromioclavicular joint in 37 patients (24%). Pain was significantly more frequently present on the surgical side ( p < .01).
On the nonsurgical side, the sternoclavicular joint was painful in five patients (4%), and the acromioclavicular joint was painful in six patients (5%). Joint pain was not significantly related to the number of levels dissected or radiation therapy ( Table 2 ). Shoulder pain was closely related to myogenic pain and joint pain ( Table 2) . Ninety-nine patients (65%) experienced loss of sensation. This loss was most frequently observed in area E (upper anterolateral neck), area A (the lower half external ear), and area F (lower posterior neck) ( Table 3 ). Loss of sensation was significantly related to the number of levels dissected and radiation therapy ( Table 4 ). Age and follow-up were not significantly related to loss of sensation.
The descriptive statistics of range of motion of the cervical spine for different age groups are In the regression analyses, the following variables were entered stepwise; age, number of levels dissected during neck dissection, and radiation therapy (yes/no).
In the other movements of the cervical spine no significant influence of age, neck dissection, or radiation therapy was found. (7) 55j (10) 23j (8) 27j (8) 53j (12) 48j (11) z80 n = 10 52j (14) 52j (10) 19j (7) 20j (10) 45j (9) 37j (21) presented in Table 5 . To analyze the relationship between active range of motion and the number of levels dissected and radiation therapy, we performed a linear regression (stepwise forward). Lateral flexion away from the dissected side was significantly related to age (h: À0.3), number of levels dissected (h: À2.7), and radiation therapy (h: À7.9). Active lateroflexion toward the surgical side, active rotation toward the surgical side, and active flexion were only significantly related to age ( Table 6 ). The sternocleidomastoid muscle was sacrificed in 22 patients. No significant relationship was found between sacrificing the sternocleidomastoid muscle and a reduced range of motion of the neck, although rotation away from the surgical side was an average of 10j less in patients for whom the sternocleidomastoid muscle was sacrificed.
DISCUSSION
Neck pain (33%) and loss of sensation (65%) were important aspects of neck morbidity after head and neck cancer therapy. Contrary to Talmi et al, 8 we found neck pain in 33% of the patients. Similar to the results of Sist et al, 7 we found that neuropathic pain, hyperpathia (96%), and allodynia (39%) were present in most patients with neck pain. In daily life, patients experienced neuropathic pain during shaving or when they were exposed to wind or low temperatures. Neck pain was significantly related to radiation therapy. Although the difference was not significant, hyperpathia ( p < .064) and allodynia of the neck ( p < .056) seemed to be present more frequently after radiation therapy, suggesting a trend. Myofascial pain was most frequently present in the levator scapulae (46%). This percentage is higher than the percentage of patients that reported neck pain (33%). Several patients did not experience myofascial pain spontaneously but only during palpation, and myofascial pain was often felt as shoulder pain. Myofascial pain in the levator scapulae was related to the number of dissected levels. For the other types of myofascial pain, no relationship was found with the number of levels dissected. Myofascial pain was strongly related to shoulder pain.
Postoperative myofascial shoulder pain may be associated with postoperative shoulder drop as a consequence of spinal accessory nerve dysfunction. 20 But in this group, in approximately 50% of the patients with shoulder pain, the spinal ac-cessory nerve was functioning normally. 21 In these cases, myofascial shoulder pain could not be attributed to spinal accessory nerve dysfunction. So shoulder pain with an intact spinal accessory nerve should be attributed to other causes, such as psychological factors. 22 The relationship between shoulder pain and neck pain is significant, probably because most of the tested structures span both neck and shoulder region. It seems, however, that neck pain was associated more with neuropathic pain and shoulder pain more with myofascial pain.
Loss of sensation was seen most in areas E, A, and F. These findings were similar to the findings described by Saffold et al. 12 Many patients in our study group mentioned recovery of loss of sensation in the first postoperative year; after this first year, loss of sensation was not related to follow-up. Loss of sensation was not likely to recover more than 1 year after surgery. The assessment of loss of sensation could be influenced by reconstruction in the surgical area. In our population, however, reconstruction did not significantly influence loss of sensation. Range of motion of the cervical spine was affected by radiation therapy and the number of dissected levels in lateral flexion away from the surgical side. Scars and radiation therapy could cause fibroses of tissues in the neck. Movements for which elasticity of soft tissues is needed seem to be especially affected. Other movements were not significantly related to radiation therapy or the number of levels dissected. Therefore, we conclude that the effects of neck dissection and radiation therapy on range of motion of the neck are limited. In the literature, normative data of range of motion of the cervical spine of similar patients assessed with the same type of inclinometer were not available.
In patients with a sacrificed sternocleidomastoid muscle, a nonsignificant mean reduction of 10j in active rotation away from the surgical side was found. The difficulty in analyzing the influence of sacrificing the sternocleidomastoid muscle on neck range of motion was that we only had a small group, and almost all (81%) underwent a radical or modified radical neck dissection.
In this study, 220 patients were invited to participate. Participation in the study was high (70%). Reasons for not participating were lack of time, lack of interest, or a belief that the investigation was too strenuous. Participation might have been higher in patients perceiving pain and or loss of sensation. Therefore, incidences described in this study may be an overestimation of the incidence of neck morbidity in the total population after head and neck cancer therapy.
The implications for the clinical practice for patients after head and neck cancer therapy are that in the management of neck pain, a distinction should be made between different types of pain. Neuropathic pain should be treated differently than myofascial pain. Neuropathic pain may be prevented by standard adequate perioperative pain management. 23 Furthermore, patients can be informed, before head and neck cancer therapy, about the chances of loss of sensation and reduced range of motion. It is important to inform patients, both preoperative and postoperative, about possible morbidity after therapy. Especially in patients who fear tumor recurrence, education about pain and the source of pain can be of great value, because these patients have an increased body perception. 24 Furthermore, standard exercises to preserve range of motion of the neck may be important, although so far no studies have been performed to analyze the effects of exercises on range of motion of the neck in these patients.
On the basis of our results, we conclude that neck pain after head and neck cancer therapy was present in 33% of the patients and is explained primarily by neuropathic pain. Neck pain is closely related to shoulder pain. Shoulder pain is present in 37% of the patients and is related to myofascial pain. Loss of sensation was present in 65% of the patients and was related to the number of dissected levels and radiation therapy. Range of motion, the lateral flexion away from the surgical side, was decreased significantly by surgery, radiation therapy, or both.
